The original phase 2 and phase 3 studies of tofogliflozin were funded by Chugai Pharmaceutical Co., Ltd.
Funding information
The original phase 2 and phase 3 studies of tofogliflozin were funded by Chugai Pharmaceutical Co., Ltd.
An integrated analysis was performed with data from 4 phase 2 and phase 3 studies of tofogliflozin in which patients with type 2 diabetes mellitus received the sodium-glucose cotransporter 2 inhibitor tofogliflozin for up to 24 weeks. Sex differences, baseline haemoglobin A1c (HbA1c) and serum uric acid (UA) levels, and log 10 -transformed urinary N-acetyl-β-Dglucosaminidase ratio were significantly correlated with the reduction in serum UA levels at both 4 and 24 weeks in multivariate analysis (respectively, P < .0001). The decrease in HbA1c levels was greatest in the group with the highest baseline HbA1c level (quartile 4; HbA1c > 8.6%) and lowest in the group with the lowest baseline HbA1c level (quartile 1; HbA1c ≤ 7.4%). The decrease in serum UA levels was greatest in the quartile 1 group and lowest in the quartile 4 group. In most groups, the maximum decrease in serum UA levels was seen in the first 4 weeks, while the maximum decrease in HbA1c was seen at week 24. Thus, serum UA levels were significantly decreased in patients with moderate HbA1c levels. closely related to glucose levels. 1 Tofogliflozin, an oral hypoglycaemic agent developed by Chugai Pharmaceutical Co. Ltd., Kowa Co. Ltd., and Sanofi K.K., is an inhibitor of sodium-glucose cotransporter 2 -(SGLT2). The inhibitory mechanism of tofogliflozin is independent of insulin secretion, which blocks glucose reabsorption in the renal proximal tubule and facilitates urinary glucose excretion. Tofogliflozin reduces glycosylated haemoglobin (HbA1c) levels and body weight. [2] [3] [4] Recent studies of treatment with an SGLT2 inhibitor have shown positive effects, not only on glucose metabolism, but also on serum lipid and UA levels. 5, 6 Additionally, SGLT2 inhibitors have been reported to exert salutary effects on cardiovascular risk factors. 7 In particular, a recent meta-analysis clearly indicated that these inhibitors reduced serum UA levels. 8 However, to our knowledge, the relationship between improved glycaemic control and serum UA level reduction has not been investigated in regard to the efficacy of tofogliflozin or other SGLT2 inhibitors.
The aims of the present study were to determine the effects of glycaemic conditions and serum UA levels on the efficacy of tofogliflozin and to determine factors predicting decreases in serum UA levels.
| RESEARCH DESIGN AND METHODS
An integrated analysis was performed with data from 4 phase 2 and phase 3 studies of tofogliflozin (Table S1) To assess the effect of baseline HbA1c levels and serum UA levels, the patients treated with tofogliflozin were divided into 4 groups, according to baseline HbA1c levels: patients with HbA1c quartile 1(HbA1c ≤ 7.4%), quartile 2 (7.4% < HbA1c ≤ 7.9%), quartile 3 (7.9% < HbA1c ≤ 8.6%) and quartile 4 (HbA1c > 8.6%). Supplementary information 1 was provided as additional information (research design and methods). 
| Statistical analysis

| RESULTS
The decreases in HbA1c levels in those who received tofogliflozin were significantly greater when baseline HbA1c levels were higher (P < .001 among groups) ( Figure 1 ). HbA1c levels decreased in all 4 quartile groups (quartiles 1-4) after tofogliflozin was administered for 24 weeks (P < .001 among all quartile groups). In contract, UA levels decreased to a greater degree in patients with lower baseline HbA1c levels (quartile 1 group). Furthermore, UA levels were lowest after tofogliflozin had been administered for 4 weeks (except for the levels in men in the quartile 4 group), but HbA1c levels gradually decreased and became lowest after 24 weeks of treatment with tofogliflozin (except for the levels in women in the quartile 1 group).
Serum HbA1c levels decreased significantly from baseline to Weeks 4 and 24. However, serum UA levels had decreased significantly from baseline in women at Weeks 4 and 24 but not in men in the quartile 3 group at Week 24 or in the quartile 4 group at Weeks 4 or 24.
Sex differences, baseline levels of HbA1c and serum UA and log 10 -transformed urinary N-acetyl-β-D-glucosaminidase (NAG)-creatinine ratio were significantly correlated with the reduction in serum UA levels at both 4 and 24 weeks (Table 1) (P < .0001, respectively). Baseline levels of serum UA and eGFR were negatively correlated with reduction in serum UA levels at 4 and 24 weeks. Sex differences (women) were also negatively correlated with reduction in serum UA levels. When patients were also treated with angiotensin II receptor blockers or diuretics, the baseline level of HbA1c, log 10 -transformed urinary albumin creatinine ratio and log 10 -transformed urinary NAG-creatinine ratio were positively correlated with the reduction in serum UA levels at 4 and 24 weeks. The degree of reduction in serum UA levels was greater in the subjects who received tofogliflozin than that in subjects who received a placebo ( Figure S1 ). Additionally, in the subjects receiving tofogliflozin, the decreases in serum UA levels from baseline to week 24 were observed, regardless of the sexes.
| DISCUSSION
The factors affecting the reduction in UA levels were baseline serum levels of UA and HbA1c, the patient's sex and the urinary NAGcreatinine ratio. The decrease in serum UA level was greater when the baseline serum UA level was higher.
In the present study, tofogliflozin also induced a greater reduction in HbA1c levels when the baseline HbA1c level was higher. An SGLT2 inhibitor induces weight loss, which might improve insulin resistance. A previous study showed that serum UA levels monotonically increased with an increase in fasting C-peptide levels, which is similar to the increase in serum insulin levels and insulin resistance.
Therefore, if insulin resistance or HbA1c levels decrease after administration of an SGLT2 inhibitor, serum UA is also thought to decrease.
However, in the present study ( Figure S2 ), the change in serum levels of HbA1c and UA tended to be negatively correlated in women, but uncorrelated in men. A reduction in serum UA levels might not be accompanied directly by a reduction in HbA1c. The reducing serum UA levels plateaued at 4 weeks after receiving the SGLT2 inhibitor.
Improvement of insulin resistance with weight loss might have had only a limited influence on the reduction of serum UA levels, if any.
The glycaemic control markers were significantly lower at baseline in patients with a decreased UA level than in patients with an increased UA level (Table S2 ). In addition, the absence of higher HbA1c levels at baseline was an independent factor for reduction in serum UA level achieved with tofogliflozin administration at both 4 and 24 weeks. An increase in the tofogliflozin dosage did not correlate with a reduction in the serum UA level in the present study. Similarly, in previous research with canagliflozin 6 and in a recent metaanalysis, 8 no significant association was revealed between serum UA reduction and most of the SGLT2 inhibitors with a larger dosage.
The main finding of the present study, which was a unique feature, is that the transitive reductions of serum UA levels and HbA1c levels differed, demonstrated as a difference in the shape of the line graphs ( Figure 1 ) in tofogliflozin-administered patients. The serum levels of UA and HbA1c both decreased in general but were not clinically relevant.
A previous cohort study 1 found that serum UA levels increased with moderately increased levels of HbA1c, and then decreased as levels of HbA1c increased further (a bell-shaped relationship). In the state of normal to moderately increased levels of HbA1c, serum UA levels are likely to be influenced by insulin resistance. 1 When the blood glucose level is greater than 10 mmol/L (approximately 180 mg/dL), glycosuria can lead to uricosuria, which might be the biological mechanism underlying the bell-shaped relationship. 9 However, in the quartile 3 (7.9% < HbA1c ≤ 8.6%) and quartile 4 (HbA1c > 8.6%) groups of the present study, serum UA levels decreased in women, but were unchanged in men, despite reduced HbA1c levels. Choi et al. reported that the positive association between HbA1c levels (<7%) and serum UA levels was stronger in women than in men, and that the inverse association between HbA1c levels (≥7%) and serum UA levels was significantly stronger in men than in women. 1 Urinary NAG is known to be a clinical marker of tubular damage and is increased in conditions of poor glycaemic control. For example, it is higher in patients with IGT than in patients with normal glucose tolerance and it is significantly and positively correlated with HbA1c levels. 10 Furthermore, a prospective study showed that 24-hour urinary NAG excretion was increased in patients with type 2 diabetes mellitus during conventional insulin therapy, but decreased in those receiving intensive insulin therapy. 11 Through the analysis of longitudinal data, we have demonstrated that the urinary NAG-creatinine ratio reflected long-term blood glucose control in diabetes patients. 12 Therefore, a relationship between increased urinary NAG and poorer glucose metabolism is likely. In addition, serum glucose levels are related to urinary NAG, and serum UA levels may also be related to urinary NAG. As shown in Table S3 and Figure 1 , patients with better glycaemic control have a lower urinary NAG-creatinine ratio, and the reduction in serum UA level after receiving an SGLT2 inhibitor is stronger. However, the mechanism of interaction between NAG and UA remains unclear.
The level of serum 1,5-anhydroglucitol (1,5-AG) is believed to decrease in patients who received an SGLT2 inhibitor. 13 A small number of studies demonstrated a strong positive correlation between serum UA and 1,5-AG levels. A limitation of this study is that some data were missing, such as levels of serum 1,5-AG, urinary glucose and urinary UA. Despite this, we have reported, using multivariate analysis, a relationship between the change in serum UA levels and baseline characteristics in patients with type 2 diabetes who are receiving tofogliflozin.
In conclusion, the present study is, to the best of our knowledge, the first to demonstrate that serum UA levels decrease in patients with diabetes who have received an SGLT2 inhibitor, especially in those whose HbA1c levels are not greatly elevated before treatment.
A further prospective long-term study of cohorts, in vitro molecular action and pharmacological studies are required to confirm this presumed association.
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